The heritabilities for and the genetic, phenotypic, and environmental correlations among calving difficulty scores (CDS) and measures of size of the pelvic inlet were estimated using 547 records of 2-yr-old heifers from three synthetic breed groups. Calving difficulty score was treated first as a trait of the dam and then as a trait of the calf and was analyzed on three scales: raw scores from 0 to 3 (0 = normal birth, 3 = most difficult delivery requiring a hard pull, veterinary assistance, or surgical intervention), Snell-transformed scores, and a binary (0, 1) scale. Estimates of heritability for CDS as a trait of the dam were similar to those when it was considered a trait of the calf. Heritability estimates for CDS on the raw and transformed scales were similar and moderate in magnitude (.36 f .15 to .47 f .18) but were higher than most reported estimates. However, on the binary scale the estimates were lower (.26 f .17, .28 f .14). Estimates of heritability for the horizontal and vertical pelvic diameters and the pelvic area were high, implying that pelvic size in heifers might be readily modified by selection. The genetic and phenotypic correlations between CDS as a dam trait and pelvic dimensions were low, whereas the correlations between CDS and dam weight at calving were moderate. As a calf trait, C D S was highly correlated genetically with calf birth weight, but the phenotypic correlations were moderate.
Introduction
Calving difficulty (CD) is a serious problem, especially in beef heifers calving for the first time at 2 yr of age. The causes of dystocia generally center on the fetepelvic incompatibility complex (Meijering, 1984) , of which the size of calf relative to size of the dam seems to be the most important factor (Berg, 1979 ; Naazie et al., 1989) . Attempts at reducing CD are generally focused on reduction in birth weight of the calf through sire selection or direct selection against CD. Reduction in calf birth weight would reduce CD in the short xun gest that progress in reducing CD through direct selection will be slow. There are no reports on attempts to increase pelvic size, and even though the heritabilities of pelvic size measurements have been estimated The objectives of this study were to estimate the heritabilities of and the genetic, phenotypic, and environmental relationships among CD, components of pelvic size, and weight of the dam and calf at calving in 2-yr-old range beef heifers. 
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Materials and Methods
Da fa
Calving records and pelvic measurements of 649, 2-yr-old heifers accumulated over 6 yr (1982 to 1987) area of the pelvic opening was estimated as the product of the two measurements.
Analysis
The proportions of variation in CDS accounted for by the various factors in this study and their significance have been reported (Naazie et al., 1989) . The birth weight of the calf and the heifer weight at calving were the most important (significant) variables influencing CDS. These two factors were therefore used as covariates in the estimation of parameters involving CDS. In the present study analyses were performed on three scales of calving diffkdty score: the raw scores, Snell-transformed scores (Snell, 1964) . and binary scores (normal calving = 0, calving with any form of difficulty = 1). The Snell transformation provides somewhat more homogeneous residual variation over subclasses and approximately normally distributed residual deviations . A description of the calving scores, the transformed scores, and their frequencies is p r e sented in Table 1 . Because the transformation theoretically leads to more reliable estimates Fong. 1977), the rationale was to compare the estimates on the transformed and raw scales in the hope of determining whether selection decisions based on parameter estimates on the raw scale could be justified.
In all cases a mixed-model least squares analysis of variance (Harvey, 1990 ) was employed and paternal half-sib components of (co)variance were used to estimate genetic parameters. Standard errors of the heritability and genetic correlation estimates were approximated by the formulae of Swiger et al. (1964) and Tallis (1959) and should be considered minimum estimates of the true SE (Harvey, 1990) . When CDS was treated as a trait of the dam, the model for estimating heritability included the breed of sire and dam, the sire (maternal grandsire) within breed of sire, sex of calf, and the year of calving. The model was used first with calf birth weight as a covariate and then without a covariate. The heritabilities for all other dam traits were estimated using the same model but with no covariate. The correlations between CDS as a dam trait and dam weight at calving, dam weight at pelvic measurement, and pelvic measurements and those between pelvic measurements and dam weight at calving or dam weight at pelvic measurement were also estimated with the basic model above, without covariates.
When C D S was treated as a trait of the calf, the model contained breed, sire of calf within breed, year of calving, and sex of calf. The model was first used with dam weight at calving as a covariate and then without a covariate. The same model without the covariate was used to estimate the correlation between CDS as a calf trait and calf birth weight and the heritability of calf birth weight.
A combined sire of dam and sue of calf model for CDS was also used. The model consisted of the breed of grandsire/dam, grandsire within breed of grandsire, breed of sire of calf, sire of calf within breed of sire of calf, year of calving, and sex of the calf; no covariates were fitted. Variance components were obtained using REML estimation in SAS (1988). 'These components give a heritability estimate > 1.
Results and Dlscusslon
Sources of Variation
Sixty-nine percent of all calvings were normal ( Table 1) . Though this may seem low, it should be pointed out that only primiparous heifers were used in this study. The half-sib components of variance (among and within sires) are presented in Table 3 for important variables of this study. All among-sire effects were significant. The components of variance among maternal grandsires and among sires for CDS obtained from the combined model are presented in Table 4 . Variance components among grandsires were set to 0 early in the iteration, and heritability estimates were not computed for this analysis.
Heritability Estimates
The estimates of heritability for CDS were similar in magnitude whether estimated with a covariate in the model or not; those estimated without a covariate in the model were slightly higher. The values reported here are therefore those estimated without covariates. Estimates of heritability for ( I D S on the three scales (raw, transformed, and binary) are presented in Table 5 together with those for pelvic measurements and calf and dam weights at calving. In general, estimates of heritability for CDS were higher than earlier estimates summarized by Meijering (1984) but were comparable to values of .21 to .33 reprted by Burfening (1978). The heritability estimates when C D S was considered as a dam trait were similar to those when it was considered as a trait of the calf. Because the heritability estimates of categorical traits are influenced by their incidence, these high values could partly be due to the fact that only heifers were used in this study and that there was a relatively high (31%) incidence of assistance at calving.
Estimates based on the raw and Snell-transformed scales were similar but higher than estimates based on the binary scale. The results .n f .20 -suggest that for selection decisions heritability estimates based on the raw scale are at least as acceptable as those from the Snell-transformed scale. Because the binary scale represents the incidence of CD, these results imply that incidence of CD is lowly heritable. When the incidence is combined with the degree of calving difficulty as in the raw scores, then the composite effect is more heritable. However, when a categorical trait is scored on a 0, 1 scale, a large error variance is introduced that appears as environmental variance and tends to reduce the heritability (Falconer, 1981) , especially when the incidence is low. The error variance is minimum when the incidence is 50%; hence, the higher incidence (31%) in this study will tend to mitigate this error. Heritability estimates of pelvic measure ments were all high and comparable to estimates in recent reports by Momson et al. (1986) and Green et al. (1988) but slightly higher than those reported by Benyshek and Little (1982). These relatively high estimates are indicative of large additive genetic differences in pelvic size, suggesting that pelvic size could be readily changed by selection. The heritability estimates of pelvic measurements did not change much when dam weight at calving and dam weight at the time of pelvic size measurement were used as covariates in the model. The heritability estimate was higher for the vertical pelvic diameter than for the horizontal pelvic diameter. This is similar to the results of Green et al. (1988) , who suggested that this measurement was perhaps made with greater accuracy. By contrast, however, Morrison et al. (1986) obtained a higher estimate for horizontal pelvic diameter and suggested that perhaps width was more easily obtained and might have been a more repeatable measurement. It should, however, be noted that genetic parameter estimates are inherent properties of the populations from which they were obtained and that the accuracy of measurement could vary between technicians and locations.
Weights of calves and dams were moderately to highly heritable, as might be expected from the synthetic populations used in t h i s study. It is difficult to explain the high heritability for the birth weight and other weight measures of the heifers, but some of these breed groups were in their early formative years when this study began and might be expected to have high additive genetic variance.
Correlations
The genetic, phenotypic and environmental correlations between calving difficulty score as a trait of the dam and measures of dam weights and pelvic sizes are presented in Table  6 . The estimates were quite similar for all scales of calving difficulty score, especially the genetic correlations on the raw and Snelltransformed scales. The SE of the genetic correlations, especially on the binary scale, were large. The genetic correlations were low and positive between dam birth weight and CDS on all three scales but moderate and negative (approximately -.40) between CDS and dam weight at calving, suggesting that heavier heifers had fewer problems at fxst calving. The genetic correlations between C D S and dam weight at the time of pelvic measurement were, however, low and mainly negative in sign. The corresponding phenotypic correlations between CDS and dam weight at calving or at the time of pelvic measurement were also low in magnitude and negative in sign. The environmental correla- tions were low in magnitude; about half of them were positive and the other half negative. Hence, selection of heavier heifers at first calving should result in a genetic reduction in calving problems. The large SE (approximately .3) of the genetic correlation between CDS and dam weight at calving, however, makes this conclusion tentative. Heavier dams, however, bear heavier calves, and thus this selection might not be very effective.
The estimates of genetic and phenotypic correlations between C D S and measures of pelvic size were low in magnitude and negative in sign and had large SE. These low correlations imply that there is no strong relationship between CDS and pelvic dimensions and that improving pelvic size will not necessarily result in a genetic or observable reduction in CDS in the populations under study. Pelvic size has been suggested to have a threshold effect on calving difficulty (Rice and Wiltbank, 1970; Makarechian and Berg, 1983) . The possibility that pelvic sizes obtained in this study were larger than the threshold is only speculative; establishing a threshold for all breeds is probably impossible. A threshold based on the ratio of calf birth weight to pelvic size could be useful for all breeds, but little work has been done in this area. Johnson et al. (1988) recommended a minimum pelvic area to calf birth weight ratio of 4.7 cm2/kg as beneficial for the selection of heifers. Estimating birth weight properly will be critical, because birth weight is not available before
The correlations among dam weights measured at different times and pelvic size measurements are presented in Table 7 . The calving.
genetic and phenotypic correlations among dam weight measurements at birth, calving, and at the time of pelvic measurement were positive and moderate to high in magnitude, as might be expected. The genetic correlations between dam weight at calving, weight at the time of pelvic measurement, and pelvic measures were positive and generally moderate or high. Phenotypic correlations were positive and moderate in magnitude with no trends (in terms of magnitude or sign) in environmental correlations for any weight measurement. Hence, selection for large pelvic size would tend to be selection for animals with genetic potential for large size.
Pelvic size measures were positively and generally moderately to highly correlated genetically or phenotypically with each other, except that the genetic correlation between horizontal pelvic diameter and vertical pelvic diameter was low (Table 7) . The environmental correlation was high and negative between horizontal pelvic diameter and vertical pelvic diameter, greater than unity (unreasonable) between horizontal pelvic diameter and pelvic area, but positive and low in magnitude between vertical pelvic diameter and pelvic area. The genetic Correlation between horizontal pelvic diameter and vertical pelvic diameter was lower and the phenotypic correlation was higher than the estimates of Morrison et al. (1986) and Green et al., (1988) . The genetic correlation between horizontal pelvic diameter and pelvic area was also lower, but the phenotypic correlations were quite similar. These results suggest that selection decisions to modify pelvic size should be based on both dimensions, or the pelvic area. Hip height was not related to B W at different stages of growth but was moderately to highly correlated genetically with pelvic measurements.
'The correlations between CDS as a trait of the calf and calf birth weight are presented in Table 8 . The genetic correlations were high and positive, whereas the phenotypic and environmental correlations were moderate in magnitude. This suggests that selection against calving difficulty (as calf trait) through selection for low birth weight should be effective but would be selection, to some degree, for calves with smaller birth weights. Caution should be exercised because calves that are small at birth may have reduced growth rates and later in life may have calving problems when they become dams (Berg, 1979) .
Implications
The results of this study suggest that selection to reduce the severity of calving difficulty and the incidence of calving assistance should be feasible. regardless of treating calving difficulty score as a trait of the dam or calf. Selection to improve calving difficulty score as a trait of the calf will, however, lead to some reduction in calf birth weight. As a dam trait, selection to reduce calving difficultly score will lead to some increase in dam weight at first calving. Selection to change pelvic size should be easily attainable, but pelvic dimensions were not highly related to calving difficulty score in this study. Selection for large pelvic size will, however, also lead to some selection for larger dams. .30
